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(54) Title: 



SYSTEM AND METHOD FOR PROVIDING AN ACCURATE ESTIMATION OF RECEIVED SIGNAL INTERFERENCE 
FOR USE IN WIRELESS COMMUNICATIONS SYSTEMS 



(57) Abstract 

A system for providing an accurate interference value signal 
received over a channel and transmitted by an external transceiver. 
The system includes a first receiver section for receiving the signal, 
which has a desired signal component and an interference component. 
A signal extracting circuit extracts an estimate of the desired signal 
component from the received signal. A noise estimation circuit (12 ) 
proyjdes the accurate inte rference value based on the estimate of the 
d^jred_sj^aT~cornponent and the received signa l. A look-up table 
transforms the accurate noise and/or interference value to a normalization 
factor. A carrier signal-to-interference ratio circuit employs the 
normalization factor and the received signal to compute an accurate 
carrier signal-to-interference ratio estimate. Path-combining circuitry 
generates optimal path-combining weights based on the received signal 
and the normalization factor. 
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SYSTEM AND METHOD FOR PROVIDING AN ACCURATE 
ESTIMATION OF RECEIVED SIGNAL INTERFERENCE FOR 
USE IN WIRELESS COMMUNICATIONS SYSTEMS 

5 BACKGROUND OF THE INVENTION 

!• Keld of Invention: 

communications systems fnr • (LUMA ' 

decoding. ^ " r * te —1 =nd aig™, 

15 D. Description of the Related Art: 

Wireless commonicaSons systems are used ta , 

Ppucattons reooire effcfest, and reU, M e _c,„ons Z Jl£ 
20 operate m noisy environments. errechvely 

Wireless communicadons systems an= charactered by a phraJitv of 

In a code division multiple ac«ss (CDMA) communicadons svstem 
spreadmg sequence. When the spread signals are transmitted over a chanT 
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signals are received from the various paths at the mobile station, decoded, and 
constructively recombined via path-combining circuitry such as a Rake 
receiver. The path-combining circuitry applies gain factors, called weights, to 
each decoded path to maximize throughput and compensate for path delays 
and fading. 

Often, a communications system transmission includes pilot interval, a 
power control interval, and a data interval. During the pilot interval, the base 
station transmits a pre-established reference signal to the mobile station. The 
mobile station combines information from the received reference signal, i.e., 
pilot signal, and the transmitted pilot signal to extract information about the 
channel, such as channel interference and signal-to-noise (SNR) ratio. The 
mobile station analyzes the characteristics of the channel and subsequently 
transmits a power control signal to the base station in response thereto during a 
subsequent power control interval. For example, if the base station is currently 
transmitting with excess power given the current channel characteristics, the 
mobile station sends a control signal to the base station requesting that 
transmitted power level be reduced. 

Digital communications systems often require accurate log-likelihood 
ratios (LLRs) to accurately decode a received signal. An accurate signal-to- 
noise ratio (SNR) measurement or estimate is typically required to accurately 
calculate the LLR for a received signal. Accurate SNR estimates require precise 
knowledge of the noise characteristics of the channel, which may be estimated 
via the use of a pilot signal. 

The rate or power at which a base station or mobile station broadcasts a 
signal is dependant on the noise characteristics of the channel. For maximum 
capacity, transceivers in the base stations and mobile stations control the power 
of transmitted signals in accordance with an estimate of the noise introduced by 
the channel. If the estimate of the noise, i.e., the interference spectral density of 
different multipath components of the transmitted signal is inaccurate, the 
transceivers may broadcast with too much or too little power. Broadcasting 
with too much power may result in inefficient use of network resources, 
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ates of * e n °«se introduced by the channel 

' « to determine opnma. patn.ombining ' ** 

CDMA tefecomn™,^ sysfems ca I o™*. manv 

carrier signal enerev to th a ♦ . . function of the 

8 egradedcommuntcabons system performance 
accusa^ZTfoTr 7 r "T" ^ — — « fo 

basest lHad T ^ *" * *"» *" *> 



SUMMARY OF THE INVENTION 



The need in the art is addressed by the svs.. m w 
interference value for a si™t • „ P '° V ' dmg an 
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*e invent Z ~ h "* 

30 receiving the siKna , „ hlVll h f mClude * 1 ** "«<w «tion for 

s.gn.1 whrch has a desired signal component and an interfere 
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and /or noise component. A signal extracting circuit extracts an estimate of the 
desired signal component from the received signal A noise estimation circuit 
provides the accurate interference value based on the estimate of the desired 
signal component and the received signal. A look-up table transforms the 
accurate noise and/or interference value to a normalization factor. A carrier 
signal-to-interference ratio circuit employs the normalization factor and the 
received signal to compute an accurate carrier signal-to-interference ratio 
estimate. Path-combining circuitry generates optimal path-combining weights 
based on the received signal and the normalization factor. 

In the illustrative embodiment, the system further includes a circuit for 
employing the accurate interference value to compute a carrier signal-to- 
interference ratio (C/I). The system further includes a circuit for computing 
optimal path-combining weights for multiple signal paths comprising the 
signal using the accurate interference value and providing optimally combined 
signal paths in response thereto. The system also includes a circuit for 
computing a log-likelihood value based on the carrier signal-to-interference 
ratio and the optimally combined signal paths. The system also includes a 
circuit for decoding the received signal using the log-likelihood value. An 
additional circuit generates a rate and /or power control message and transmits 
the rate and /or power control message to the external transceiver. 

In a specific embodiment, the first receiver section includes 
downconversion and mixing circuitry for providing in-phase and quadrature 
signal samples from the received signal. The signal extracting circuit includes a 
pseudo noise despreader that provides despread in-phase and quadrature 
signal samples from the in-phase and quadrature signal samples. The signal 
extracting circuit further includes a decovering circuit that separates data 
signals and a pilot signal from the despread in-phase and quadrature signal 
samples and provides a data channel output and a pilot channel output in 
response thereto. The signal extracting circuit further includes an averaging 
circuit for reducing noise in the pilot channel output and providing the 
estimate of the desired signal component as output in response thereto. The 
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suOlracnng the sCed desired ^ mtgy ^ fom * ^ - 
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component results in a precise estimate of carrier signal-to-interference ratio, 
which facilitates optimal decoding of the received signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

Fig. 1 is a diagram of a telecommunications system of the present 
invention having an accurate interference energy computation circuit. 

Fig. 2 is a more detailed diagram of the accurate interference energy 
computation circuit, log-likelihood ratio (LLR) circuit, and path-combining 
10 circuit of Fig. 1 adapted for use with forward link transmissions. 

Fig. 3 is a diagram of an accurate interference energy computation circuit 
optimized for reverse link transmission and including the path weighting and 
combining circuit and the LLR circuit of Fig. 2. 

Fig. 4 is a diagram showing alternative embodiments of the accurate 
15 interference energy estimation circuit and the maximal ratio path-combining 
circuit of Fig. 2. 

Fig. 5 is a block diagram of a frame activity control circuit for improving 
estimates of interference energy and adapted for use with the accurate 
interference energy computation circuit of Fig. 2. 
20 Fig. 6 is an exemplary timing diagram showing an active slot and idle 

slot. 

Fig. 7 is an exemplary timing diagram showing a traffic channel signal, a 
pilot channel signal, a frame activity signal (FAC) (also known as a reverse 
power control channel), and idle channel skirts of the slots of Fig. 6. 

25 

DESCRIPTION OF THE INVENTION 

While the present invention is described herein with reference to 
illustrative embodiments for particular applications, it should be understood 
30 that the invention is not limited thereto. Those having ordinary skill in the art 
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ftg. 1 is a diagram of a telecommunications transceiver system 10 of Th 
5 present invention having an am.™*. er system 10 of the 

aving an accurate earner signal-to-interferenrp rr/n j 
interference enertrv cm ^ ""errerence (C/I) and 

nee energy (N,) computation circuit 12. The svstPm in • j 

for clarity, many details of the transceiver system 10 havP h 

«r a r y unpiement " addite -' — — 

The transceiver system 10 iq * ^,^1 

circuit 38 is " baSeband -'°- IF *»* ^ *. baseband-,,,* 

C/I and N, esfcnaHon ciaruit 12 ta ft, baseband 
conr.ec.ed ,„ a p at „ weightil1 and c m P» te ' » » 
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a decoder 48. The decoder 48 is connected to a controller 50 that is also 
connected to the rate/power request generation circuit 44 and the encoder 40. 

The antenna 14 receives and transmits RF signals. A duplexer 16, 
connected to the antenna 14, facilitates the separation of receive RF signals 52 
5 from transmit RF signals 54. 

RF signals 52 received by the antenna 14 are directed to the receive path 
64 where they are amplified by the receive amplifier 18, mixed to intermediate 
frequencies via the RF-to-IF mixer 20, filtered by the receive bandpass filter 22, 
gain-adjusted by the receive AGC 24, and then converted to digital baseband 
10 signals 56 via the DF-to-baseband circuit 26. The digital baseband signals 56 are 
then input to a digital baseband computer 28. 

In the present embodiment, the receiver system 10 is adapted for use 
with quadrature phase shift-keying (QPSK) modulation and demodulation 
techniques, and the digital baseband signals 56 are quadrature amplitude 
15 modulation (QAM) signals that include both in-phase (I) and quadrature (Q) 
signal components. The I and Q baseband signals 56 represent both pilot 
signals and data signals transmitted from a CDMA telecommunications 
transceiver such as a transceiver employed in a base station. 

In the transmit path 66, digital baseband computer output signals 58 are 
20 converted to analog signals via the baseband-to-IF circuit 38, mixed to IF 
signals, filtered by the transmit bandpass filter 34, mixed up to RF by the BF-to- 
RF mixer 32, amplified by the transmit amplifier 30 and then transmitted via 
the duplexer 16 and the antenna 14. 

Both the receive and transmit paths 64 and 66, respectively, are 
25 connected to the digital baseband computer 28. The digital baseband computer 
28 processes the received baseband digital signals 56 and outputs the digital 
baseband computer output signals 58. The baseband computer 28 may include 
such functions as signal to voice conversions and/or vise versa. 

The baseband-to-IF circuit 38 includes various components (not shown) 
30 such as digital-to-analog converters (DACs), mixers, adders, filters, shifters, and 
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Phase (I) and quadrature (Q) , ignal ampmMI ^ ™ 

^^^^^^ ^ D ;x, p r- 

baseband-.o-IF circuit 38 wk m ft, ' analo S 

« - ^ by ,oC2 ta " " " 10 "** ^ - 

output sianab 58 T d 7„ " " " »*- ° f *• 

-P stgnals 58 are adjusted, mixed, and summed via a 90- drift , 

-ow„», ^ mtere (not ^ ^ m ad ;;; 

respeenvely.inc.ndedinftebaseband-.o-IFcireui.SS 

via *. teans mit ampluU ^ ™~ ^ 
Ae duplexer 16 and the arttenna 14. Via 
Similarly, (he IF-to-baseband circuit 26 in ft,. 

15 circuitry (not shown, . k path 64 incIud <* 

"ry mot shown) such as analoe-to-diaital lAnr-t „ 

and mixers A „„• j . WK> c ° nveH »S. oscillators, 

nd via mixing circuitry and then converted to digital si^U • 
analog-to-digital converters (ADCs). & ^ $ 

?0 Both the baseband-to-IF circuit 38 and the IF-to-baseb.nH ■ • 

auncnons. The receive RF-to-lF mixer ?n ™a a. . 

^ , mixer 20 md the transmit IF-to-RF mixpr v> 

employ an oscillator sienal inn,,* a- 32 

«iur signal input from a second oscillator m tu « 
second oscillators 60 an H h • oscillator 62. The first and 

5 loons ft ♦ h res P^hvely, may be implemented as phase-locked 

- 30, mixers 20 and 32, «^^^ T " ^ " 

frequency conversion circuits 26 and J 7 "* * *« 

and 38 are standard components and may 
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easily be constructed by those having ordinary skill in the art and access to the 
present teachings. 

In the baseband computer 28, the received I and Q signals 56 are input to 
the C/I and N t estimation circuit 12. The C/I and N t estimation circuit 12 
5 accurately determines the interference energy of the I and Q signals 56 based on 
the pilot signal and determines a carrier signal-to-interference ratio in response 
thereto. The carrier signal-to-interference ratio (C/I) is similar to signal-to- 
noise ratio (SNR) and is the ratio of the energy of the received I and Q signals 
56 less interference and noise components to the interference energy of the 

10 received I and Q signals 56. Conventional C/I estimation circuits often fail to 
accurately estimate the multipath interference energy. 

The C/I and N t estimation circuit 12 outputs a C/I signal to the 
rate/power request generation circuit 44 and the LLR circuit 46. The C/I and 
N t estimation circuit 12 also outputs the reciprocal of the interference energy 

15 (1/N t ), a despread and decovered data channel signal, and a despread and 
decovered pilot channel signal to the path weighting and combining circuit 42. 
The despread and decovered data channel signal is also provided to the 
decoder 48 where it is decoded and forwarded to the controller 50. At the 
controller 50, the decoded signal is processed to output voice or data, or to 

20 generate a reverse link signal for transfer to the associated base station (not 
shown). 

The path weighting and combining circuit 42 computes optimal ratio 
path-combining weights for multipath components of the received data signal 
corresponding to the data channel signal, weights the appropriate paths, 

25 combines the multiple paths, and provides the summed and weighted paths as 
a metric to the LLR circuit 46. 

The LLR circuit 46 employs metrics from the path weighting and 
combining circuit 42 with the C/I estimation provided by the C/I and N t 
estimation circuit 12 to generate an optimal LLR and soft decoder decision 

30 values. The optimal LLR and soft decoder decision values are provided to the 
decoder 48 to facilitate decoding of the received data channel signals. The 
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fora srgna, received over . wireiesa channe, and 
transceiver comprising: 

4 sien , ' H T "* d ' ViSi0 " mUWP ' e *°"" ^ «*» *» -d 
sard received signal havhg , desjred J 

6 interference and/or noise component; 

8 component from said received signal; 

a noise estimation circuit for nrnviH,™ ™j 
in f providmg said accurate noise and/or 

M . Crier signaMo-mKriarence ratio circa,, for emptying sa id 

norrnaWo factor - - -ivad signa, t „ generate an 
16 signal-to-mterference ratio astimate; and 

^^Scircuihyfagenaraangoprtaalpa^mbir^waigh^ 
>8 basadon said received signa! and said nornratizata, factor . $ 

2. Tna system of Cairn , furrher including means for employing ^ 
2 ^^erencavafoefoco.pu.eacarriersignaMo-fo.arfonanLaHo 

2 path \ tteSyStem0,C ' iim2tehertadUdta 8--'-^^opd m ^ 
« „eig h(s fo r mulHpl signa , pa(hs ^ 

sard accurate no.e and/or France vanre and providing Tpnmany 
4 combmed signal paths in response lhareto. 
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4. The system of Claim 3 further including means for computing a log- 
likelihood value based on said carrier signal-to-interference ratio and said 
optimally combined signal paths. 

5. The system of Claim 4 further including means for decoding said 
received signal using said log-likelihood value. 

6. The system of Claim 2 further including means for generating a rate 
and /or power control message and transmitting said rate and/or power 
control message to said external transceiver. 

7. The system of Claim 1 wherein said first receiver section includes 
downconversion and mixing circuitry for providing in-phase and quadrature 
signal samples from said received signal. 

8. The system of Claim 7 wherein said signal extracting circuit includes a 
pseudo noise despreader for providing despread in-phase and quadrature 
signal samples from said in-phase and quadrature signal samples. 

9. The system of Claim 8 wherein said signal extracting circuit further 
includes a decovering circuit for separating a pilot signal and data signals from 
said despread in-phase and quadrature signal samples and providing a data 
channel output and a pilot channel output in response thereto. 

10. The system of Claim 9 wherein said data channel output is described 
by the following equation: 

where s represents the data channel, M is the number of chips per Walsh 
symbol; e sJ is a modulation symbol energy of an l ih multipath component of 
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-d. data chansre,; „ . phasc of „. ^ ^ & ^ 
bating component of said data channel s. 



11. The system of Cairn 9 wherein said signs! exacting circuit former 

2 ^averaging circuit for reducing noise in said pilo , Lne, ou^ 

and provrdtng said estimate of said desired signs, component as output 
4 response thereto. T 

12. The system of Claim 11 wherein said estimatfi of said 

2 component is described by the following equation: ^ 

4 where p represent said esnmate; M is me number of chips per Waish symboh 
y . a plot chip energy of an r muMpatn component „, said estimate p; and 
6 6,is a phase of said estimate p. 

2 me, H ^ Sy5tem ° f C ' aim " WhCrcin «*» «*— Circuit 

mchrdes a orcuit for computing an energy v„ue associated with said esomate 
muJhp.y.ng said energy value „ y a preteennined eammt ' 

-rgy vahre, and subtracting said s»,ed energy va,ue from an estimate of the 

*W — « -d -eived sigoa, to yieid said accurate noise 

o and/or mterference value. 

2 described by the following equation: 
4 where c represents said predetermined 



constant; /„ is the received energy of 
saxd desn-ed signal component; and Ep is a pilot chip energy. 

15- The system of Claim 13 wherein said accurate noise and/or 
mterference value is applied to said loo.-up table, which computes a reciprocal 
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of said accurate noise and/or interference value to provide said normalization 
4 factor. 

16. The system of Claim 15 wherein said noise estimation circuit further 
2 includes a multiplier for multiplying said scaled desired signal energy value by 

said normalization factor to yield said accurate carrier signal-to-interference 
4 ratio estimate. 

17. The system of Claim 16 wherein said noise estimation circuit further 
2 includes an averaging circuit for averaging said carrier signal-to-interference 

ratio estimate and providing an averaged carrier signal-to-interference ratio 
4 estimate in response thereto. 

18. The system of Claim 17 further including a log likelihood ratio 
2 circuit for computing a log likelihood ratio from said averaged carrier signal-to- 

interference ratio estimate and path-combining weights scaled by said 
4 normalization factor and averaged. 

19. The system of Claim 11 wherein said noise estimation circuit 
2 includes a subtractor for subtracting said desired signal component from said 

pilot channel output and providing an interference signal in response thereto. 

20. The system of Claim 19 wherein said noise estimation circuit 
2 includes an energy computation circuit for providing said accurate noise 

and/or interference value from said interference signal. 

21. The system of Claim 1 further including means for computing 
2 optimal path-combining weights for each multiple signal path comprising said 

received signal. 
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22. Ihe system „, C l aim 21 wherei „ ^ ^ fcr ^ 
pam^mbining ^ ^ mems for a ^ ^ 

ampbfude of said desired signal componen, tam « ^ of , pi]ot ^ 
a cons,™ p^ding eircuir. said seated estimate normabzed by said accurate 
noise and/or interference value. 

23. ^^ofCktazawhesoinsaidscaladesennateisdescribodbv 
the following equation: 
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' WheK 4 * Said "** - » eLate of a modoteuon symbol 

—ar of an r muWpath o( M . d rece . ved ^ 

■ KH ™«-"P"asco, S aido„^ t of Mi d pi] o t fflte r ,a„d„ uis5aidilOTrate 
noise and/or interference value. 

24. The system of Cairn 23 farmer including a conjugation eireui, for 
ptnvdmg , conjugate o, said seated estimate, said conjugate presented™ of 
said optimal path-combining weights. 

25. A system for providing an accurate interference value for a wireless 
signal received over a channel comprising: 

first means for measuring an interference component of said received ^ 
signal during a first time interval and providing an interference measurement 
in response thereto; 

second means for determining a fraction of said interference component 3 
associated with signals transmitted during said first time interval and not to be 
transmitted during a subsequent time interval; and 

third means for adjusting said interference measurement by said fraction 
and providing an adjusted noise measurement in response thereto as said 
accurate interference energy value. 
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26. A method for reducing inaccuracies in measurements of noise 
components of signals received over a channel comprising the steps of: 

determining a multipath spread of said channel or an anticipated 
multipath spread of said channel and 

transmitting an idle skirt signal before and after transmitting a pilot 
signal, said idle skirt signal having a length longer than said multipath spread 
of said channel or an anticipated multipath spread of said channel. 

27. A system for providing an accurate interference energy value for a 
wireless signal received over a channel comprising: 

a first receiver section for receiving said wireless signal and providing 
in-phase and quadrature signal samples from said wireless signal in response 
thereto; 

a second receiver section for extracting a pilot signal from said in-phase 
and quadrature signal samples and providing an estimate of an energy of said 
wireless signal in response thereto, said estimate lacking an interference 
component; and 

an interference calculation circuit for providing said interference energy 
value based on a measurement of a total energy of said wireless signal and said 
estimate of an energy of said wireless signal. 

28. A system for providing an accurate carrier signal-to-interference 
ratio for facilitating the decoding of a signal received over a channel 
comprising: 

means for receiving a signal over a channel, said received signal having 
one or more chips; 

means for providing an estimate of total received energy per each of said 
one or more chips, said estimate of total received energy having an interference 
component and a desired signal energy component; 

means for extracting from said received signal an estimate of said 
desired signal energy component; 
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means fo, employing said estimate of said desired signal ene«y 
component and said estimate of total received energy to provide an esttmate 
said interference component; and 



means for using said estimate of said desired signal energy component 
and sard estimate of said interference component ,o provide said achate 
lb earner signal-to-interference ratio. 
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29. A system for providing optimal inputs to a log-likelihood ratio 
computation circuit comprising: 

a first receiver section for receiving a signal over a channel- 
- tef -ncecal^ 
prance and/or noise contained in said signal and providing a signal-to- 
interference ratio in response thereto; 

an optimal patir-combining circuit for employing said signal 
representettve of interforen, and/or noise and said signal to produce m 
opttma, path-combbung signal as . ta ^ ^ ^ ^ ^ 
ratio computation circuit; and 

an accumuUdng circuit for accumuiatmg said signaLto-interference r.Ho 
.0 prov.de an optima, carrier signaLfo-interference value as a second opHma, 
mputtosMdlog-Ukelihood ratio computation circuit. 

30. A communications system comprising: 

a transceiver for transmitting a firs, signal over , channel a, a 
predetermined rate and power tevel, said channel introducing noise and/or 
interference to said first signal; 

means for receiving said fust signa! and providing m-phase aatd 
quadrature samples „, said firs, signal in response thereto, said fca, sign,, 
having a pi,o, signal component andfone or more multiped, components- 

meam, for extracting said pilot signa. and providing an estimate of total 
interference energy received via said firs, signal on a predetermined multtpath 
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component based on said pilot signal component and said in-phase and said 
quadrature samples; 

12 means for generating a power or rate control signal based on said 

estimate of total interference energy and an estimate of energy associated with 
14 said one or more multipath components; 

means for transmitting said power or rate control signal to said 
16 transceiver; 

means for computing optimal path-combining weights for said one or 
18 more multipath components based on said estimate of total interference energy 
and providing optimally combined signal paths in response thereto; 
^ 20 means for computing a log-likelihood value based on said optimally 

combined signal paths, said total interference energy, and said estimate of 
22 energy associated with said one or more multipath components; and 
means for decoding said first signal in response thereto. 

31. A path weighting and combining circuit for determining maximal 
2 ratio path-combining weights for multiple paths of a received signal that has an 
interference component, a data component, and a pilot signal component 
4 comprising: 

a separating circuit for separating said pilot signal component and said 
^) 6 data component from said received signal; 

a pilot filter for filtering said pilot signal to yield a filtered pilot signal; 
8 an interference estimation circuit for estimating said interference 

s J component and providing an interference value in response thereto; 

1° a first multiplier for multiplying said filtered pilot signal by a 

predetermined constant scaling factor and providing a scaled value in response 
12 thereto; 

a second multiplier for multiplying said scaled value by a reciprocal of 
14 said interference value to yield a weighted signal; and 

a conjugation circuit for computing a conjugate of said weighted signal 
16 to yield maximal ratio weights in response thereto. 
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32. A method for providing an accurate noise and/or interference value 
for a SIg nal received over a channel and transmitted by an external transceiver 
comprising the steps of: 

receiving said signal, said received signal having a desired signal 
component and an interference and/or noise component; 

extracting circuit for extracting an estimate of said desired signal 
component from said received signal; and 

providing said accurate noise and/or interference value based on said 
estunate of said desired signal component and said received signal. 
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